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Method for optimizing the utilization ratio in a drive unit and drive unit 



The invention concerns a method for optimizing the utilization ratio in a drive unit, in 
particular the action of the engine brake, especially with the features of the preamble of claim 
1 ; in addition, it concerns a drive unit. 



Drive units in turbocompound constructions are known from the prior art in a plurality of 
designs. These include the utilization of exhaust gas energy. As representative of these, refer 
to DE 195 16 971, which describes a drive unit with an internal combustion engine in the 
turbocompound design. This unit is provided with an exhaust gas turbine, which is connected 
downstream to the turbocharger and which is loaded in traction operation from the exhaust 
gas line of the combustion engine. This is connected to the crankshaft in a drive connection 
via at least one transfer device comprising a hydrodynamic coupling. It is possible in this 
way to utilize the residual energy still present in the exhaust gas. In this way, the energy of 
the exhaust gas is converted to rotational energy in the exhaust gas turbine and the drive of 
the crankshaft of the vehicle is additionally supported by this means. The efficiency of the 
driveline can be enhanced by the utilization of the exhaust gas energy for the drive of the 
vehicle. It is also known that the engine brake power of a vehicle can also be increased, if the 
driving machine, i.e., the internal combustion engine, is equipped with a so-called 
compression braking device, or in general also called an engine brake. By this means, the 
combustion chamber of the internal combustion engine is connected with the exhaust gas 
system in braking operation during the last segment of the compression stroke, for example, 
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by opening the exhaust gas valve which is present. The result is that compressed air flows out 
of the cylinder during the compression stroke and the compression work performed during 
the compression stroke is not introduced again during the expansion stroke, which thus leads 
to an increase in the braking power of the internal combustion engine. Under certain 
circumstances, however, this acts counter to the input of power to the internal combustion 
engine, which is supplied by the coupling between the exhaust gas turbine and the internal 
combustion engine. During engine braking with a so-called turbocompound combustion 
engine, it is thus desirable to eliminate or at least to minimize the additional energy, which 
arises at the exhaust gas turbine due to decompression of the combustion engine during 
braking operation, and which is introduced to the crankshaft via the coupling with the 
exhaust gas turbine. Thus, measures made in the exhaust gas line are known, such as bypass 
installations, for example, for minimizing the gas admission to the exhaust gas turbine during 
braking operation. The functional states of the drive unit can be essentially divided into three 
basic states. These include as the first state the load region, which is characterized by a large 
quantity of exhaust gas, which can be made available to the exhaust gas turbine. The exhaust 
gas turbine is then driven by the flow of exhaust gas and, via the transfer device, i.e., the 
coupling to the crankshaft, delivers power to the latter. This has a positive effect on the 
engine efficiency. In the partial load region or thrust operation, with small quantities of 
exhaust gas, however, the energy contained in the exhaust gas is insufficient to accelerate the 
exhaust gas turbine to a speed corresponding to the speed of the internal combustion engine, 
taking into consideration the multiplication in the connection to the crankshaft. A coupling is 
thus provided by the transfer device, whereby the exhaust gas turbine is accelerated from the 
side of the crankshaft. The power is delivered from the crankshaft to the exhaust gas turbine; 
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however, this acts negatively on the engine efficiency. An analogous situation exists also for 
the third operating state, the braking operation with the engine brake. In this case, the turbine 
is driven by the increased flow of exhaust gas and the power is transferred from the exhaust 
gas turbine to the crankshaft, which, however, in turn, has a negative effect on the braking 
action. 

The object of the invention is thus to create a method for optimizing the utilization ratio, in 
particular, the efficiency and/or the engine brake effect — depending on the operational state, 
or, respectively, to further develop a drive unit of the type named initially in such a way that 
these disadvantages are avoided, and, in particular, the negative effects on engine efficiency 
or the intended braking operation are prevented in the partial load region as well as during 
braking operation. In this way, depending on the operation each time, an optimal engine 
braking effect or an optimal efficiency is always targeted. The expense for the structure and 
for technical control should be kept as small as possible. 

The solution according to the invention is characterized by the features of claims 1 and 10. 
Advantageous configurations are presented in the subclaims. 

A drive unit having an internal combustion engine with a crankshaft as well as an exhaust gas 
line and an exhaust gas turbine that can by loaded by the exhaust gas line and which is 
connected downstream to the combustion engine as well as a hydrodynamic coupling which 
is disposed between the crankshaft and the exhaust gas turbine is designed according to the 
invention in such a way that, taking into consideration the respective multiplication of the 
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transfer elements between the hydrodynamic coupling and the exhaust gas turbine, as well as 
between the hydrodynamic coupling and the crankshaft, the hydrodynamic coupling is 
configured in such a way that the latter is suitable, in the partial load operation, taking into 
consideration the multiplication between the primary wheel and the exhaust gas turbine, for 
transferring a moment, which corresponds to a minimum receivable moment M min -5 of the 
exhaust gas turbine at a low speed and, further, receives a minimum moment in the operating 
state of braking operation with the engine brake when the exhaust gas turbine is at maximum 
speed. This means that in the two operating states, the hydrodynamic coupling, which is free 
of a guide wheel, is characterized by a characteristic, which is depicted by a small 
transferable moment over the entire operating range, particularly over the speed difference 
range of the hydrodynamic coupling. This can be achieved by the invention according to a 
first solution approach with the use of a hydrodynamic coupling with invariable characteristic 
diagrams in the individual operating states. Such couplings usually involve couplings that 
cannot be close-loop controlled or open-loop regulated. This means that they have a fixed 
filling ratio. This filling ratio, by means of the speed ratio between the secondary wheel and 
the primary wheel, induces a specific transferable moment, which then corresponds to the 
moment that can be received at the exhaust gas turbine with direct coupling, or is 
proportional to this with coupling via the transfer elements. This applies analogously to the 
speed. The hydrodynamic coupling is selected as a function of the exhaust gas turbine which 
is used, wherein, corresponding to the characteristic curves of the exhaust gas turbine as the 
speeds to be adjusted in a targeted manner, the limiting speed for protection from 
overloading, which corresponds to the maximum acceptable speed, which also can 
correspond to the excess speed point in the characteristic diagram of the exhaust gas turbine, 
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and the minimum acceptable speed are given in advance, whereby in both operating points, 
the torque of the exhaust gas turbine corresponds to a small value, preferably the minimum 
value, but is not necessarily identical to it. The moment that can be transferred by the 
hydrodynamic coupling or the moment that can be supported by it is thus a function of the 
minimum torque at the exhaust gas turbine as well as the maximum acceptable speed of the 
exhaust gas turbine and a minimum speed as well as the multiplication i in the transfer unit 
disposed between the exhaust gas turbine and the hydrodynamic coupling. 

According to a second solution approach, the required transfer behavior is controlled at the 
hydrodynamic coupling, and is preferably regulated in open loop. In this case, the filling ratio 
of the hydrodynamic coupling, which can be varied, functions as the set value. The adjusting 
of the filling ratio is then a component of a closed-loop control or open-loop regulation of a 
working point of the exhaust gas turbine. Preferably a speed that is adjusted each time at the 
exhaust gas turbine is regulated to a maximum acceptable limiting speed during braking 
operation and to a minimum speed in partial load operation, whereby both of these are 
characterized by a predefined minimum available moment, preferably corresponding to the 
minimum moment. As has already been indicated, the maximum acceptable speed preferably 
involves the speed characterizing the excess speed point in the characteristic diagram of the 
exhaust gas turbine. The minimum speed, on the other hand, involves a speed with a 
minimum transferable moment, which preferably, however, does not necessarily correspond 
to the moment which also can be transferred at the maximum acceptable limiting speed. The 
filling ratio is thus adjusted, whereby the filling ratio can be influenced in different ways and 
individually depends on the concrete structural configuration of the hydrodynamic coupling 
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and of the working medium supply system associated with this. Thus, for example, the 
hydrodynamic coupling always has at least one inlet and one outlet from the working 
chamber. These are coupled with the working medium supply system. Thus, in the simplest 
case, the filling ratio can be adjusted by means of the control or adjustment of the pressures 
at the inlet and/or outlet. Another possibility exists in adjusting a specific volumetric flow at 
the inlet or outlet, respectively, as well as adjusting a superimposed pressure acting on an 
external circuit that connects the outlet and inlet, which is also used for the circulation of 
working medium, for example, for purposes of cooling, whereby, however, in this case, 
additional measures are to be provided in order to obtain the corresponding pressure 
propagation. In addition, mechanical devices are conceivable for influencing the filling ratio, 
for example scoop tubes, which also serve for controlling the volumetric flow, by coupling 
them with an intermediate storage device for the working medium and also with the entrance 
or inlet into the working chamber. The setting of the scoop tube can be fixed or variable. 
However, the solution according to the invention for adjusting the working points of the 
exhaust gas turbine is not limited to this measure. 

In order to optimize the utilization ratio, which is to be understood as optimizing the engine 
braking action or the efficiency, depending on the operating state, the exhaust gas turbine 
will thus be controlled in such a way that it is operated with minimum speed and with 
minimum receivable torque in the operating state of partial load region, while in the 
operating state of braking operation, the exhaust gas turbine with maximum speed is operated 
with minimum outputtable moment. This can be produced by a closed-loop control or 
preferably by an open-loop regulation of the corresponding speed for an exhaust gas turbine 
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with parabola-shaped characteristic. Other characteristic curves are also conceivable, each 
time depending on the configuration of the coupling. 

The solution according to the invention will be explained in the following on the basis of 
figures. 

Therein, the following are shown individually: 

Figures 1 and lb illustrate in schematically simplified representation the basic structure of a 
drive unit configured according to the invention; 

Figures 2a and 2b illustrate in schematically simplified representation the method according 
to the invention for optimizing the engine braking effect in the operating state of braking 
with the engine brake based on patterns of signal flow; 

Figures 3a and 3b give characteristic coupling curves, in particular, pump characteristics for 
a coupling used according to the invention with fixed filling ratio and variable filling ratio; 
Figure 4 illustrates the method according to the invention in the operating state of partial load 
or thrust operation, based on a signal flow pattern; 

Figure 5 illustrates the arrangement of the control device relative to the individual 
components in the driveline, based on an embodiment according to Figure 1 . 

Figure 1 illustrates in a schematically simplified representation, which is based on an excerpt 
from a driveline 1, the basic structure of a turbocompound system 2. The driveline comprises 
a driving machine in the form of an internal combustion engine 3 and a crankshaft 4. Further, 
an exhaust gas turbine 5 is provided, which is impinged on by the flow of exhaust gas of 
internal combustion engine 3. This is connected downstream to a turbocharger 6 and thus is 
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not a component of the latter. The exhaust gas turbine 5 is thus impinged on by an exhaust 
gas line 7. The exhaust gas turbine 5 is also coupled mechanically with crankshaft 4, i.e., it 
has a drive connection with it via a transfer device 16. A hydrodynamic coupling 8 is 
provided in the coupling between crankshaft 4 and exhaust gas turbine 5, i.e., the transfer 
device 16. This coupling comprises a primary wheel 10 and a secondary wheel 9, which 
together form a working chamber 1 1 . The hydrodynamic coupling 8 is thus free of a guide 
wheel or stator. The secondary wheel 9 is thus at least indirectly resistant to rotation with the 
crankshaft 4, i.e., directly or via additional transfer elements, for example in the form of 
speed/torque conversion devices in the form of intermediate gears. The primary wheel 10 is 
connected to the exhaust gas turbine 5 at least indirectly, i.e., preferably directly or via 
additional transfer elements. In the case shown, the coupling is produced between secondary 
wheel 9 of the hydrodynamic coupling 8 and the crankshaft 4 via a spur gear set 12. The 
secondary wheel 9 and the exhaust gas turbine 5 are coupled via another spur gear set 13. 
The direct coupling or the intermediate connection of other or additional speed/torque 
conversion devices would also be conceivable. In both cases, the multiplication of spur gear 
sets 12 und 13 is formed each time as a step-up gear. The exhaust gas turbine 5 is thus 
disposed parallel to the crankshaft 4. An arrangement at an angle, which is not shown here, 
whereby the transfer elements would be configured correspondingly would also be 
conceivable. The exhaust gas turbine 5 is connected in series to the turbocharger 6 or the 
engine brake, respectively. The turbocharger 6 is constructed with a first turbine stage, which 
is coupled to the exhaust gas line 7 and drives a compressor stage 14 in the inlet line 15. The 
second turbine stage, which is disposed on the side of the first turbine stage which lies 
downstream, or the compressor stage 14, respectively, is formed by the exhaust gas turbine 5. 
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The mode of operation of drive unit 1 in conventional construction would be characterized 
essentially by the following named operating states. In the first operating state, which is also 
called load operation with a high quantity of exhaust gas, the exhaust gas turbine 5 is driven 
by the flow of exhaust gas in the exhaust gas line 7 and delivers power to the crankshaft 4 via 
the transfer device 16. This acts positively on the total efficiency of the engine. In a second 
operating state, which is also denoted partial load operation or thrust operation, only a small 
quantity of exhaust gas is available in the exhaust gas line 7. The energy contained in the 
exhaust gas is thus insufficient in the case of conventional drive units to accelerate the 
exhaust gas turbine 5 to the speed n3 corresponding to the speed of the internal combustion 
engine 3, taking into consideration the multiplication in the transfer device 16, in particular, 
between hydrodynamic coupling 8 and exhaust gas turbine 5. The exhaust gas turbine 5 can 
be accelerated from the side of crankshaft 4 by means of the drive connection between 
crankshaft 4 and exhaust gas turbine 5 via the hydrodynamic coupling 8. This leads to the 
circumstance that power is guided from crankshaft 4 to exhaust gas turbine 5, and this power 
is no longer available for normal operation and this acts negatively on the engine efficiency. 
The third operating state in the case of conventional drivelines without the solution according 
to the invention is characterized by the fact that this state is the braking operation with the 
engine brake. In this case, the exhaust gas turbine 5 is driven by an elevated flow of exhaust 
gas in the exhaust gas line 7. The power then flows from the exhaust gas turbine 5 to 
crankshaft 4. This again acts negatively on the action of the engine brake. In order to avoid 
the named disadvantages, the operation of the exhaust gas turbine 5 according to the 
invention is optimized by controlling the behavior of the power transfer in the transfer device 
16 with respect to the operating state of exhaust gas turbine 5. According to the invention, for 
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this purpose, in the operating state of braking operation with the engine brake, the exhaust 
gas turbine 5 is controlled in such a way that it is driven with a speed n 5 , which corresponds 
to a maximum acceptable speed n max _ 5 , i.e., a so-called limiting speed ni imit5 of exhaust gas 
turbine 5. The exhaust gas turbine 5 or its mode of operation can thus be described by a 
characteristic curve, in which the useful turbine moment M 5 made available by this is smaller 
than in the case of slower speeds. The limiting speed njjmits thus corresponds to the speed at 
which disruptions of the exhaust gas turbine 5 can still be reliably prevented. The 
hydrodynamic coupling 5* thus functions as a setting device for the control. In order to limit 
the speed n 5 of the exhaust gas turbine 5, a torque must be supported via the hydrodynamic 
coupling 8 integrated in the transfer unit 16. This torque, however, counteracts the braking 
moment of the engine brake via the connection to the crankshaft 4. Therefore, this braking 
moment is to be kept to a minimum according to the invention. Since, corresponding to the 
known characteristic curve of exhaust gas turbine 5, the torque in the case of this limiting 
speed nn m it5 is smaller than for slower speeds, the goal is to operate the exhaust gas turbine 5 
as often as possible at this operating point. The exhaust gas turbine 5 is thus controlled in 
such a way that it is operated as much as possible at its maximum speed n maX 5. At the same 
time, however, the speed of the internal combustion engine 3 between the turbine side, i.e, 
the primary wheel 10 of the hydrodynamic coupling 8, and the crankshaft side, i.e., the 
secondary wheel 9, can be varied. 

Figure lb illustrates for this purpose the characteristic of the exhaust gas turbine 5 on the 
basis of a speed n 5 /torque M 5 diagram. The torque M 5 thus corresponds to the moment that 

* sic; 8? — Trans, note. 
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can be received by the exhaust gas turbine or the moment that can be output by the latter to 
the transfer device, each time depending on the direction of power flow. The preferably 
parabola-shaped course is thus characterized by two working points I and II, which are 
associated with the minimum receivable or outputtable moments. These are applied for 
controlling or adjusting in the specified operating states of partial load or thrust load and of 
engine brake operation. It is thus attempted to optimize the entire system by defining a 
working point in the partial load operation in the region of working point I and a working 
point during the engine braking operation in the region of working point II, the working 
points being characterized by a minimum moment. In the simplest case, this is conducted by 
the automatic adjusting of these working points by selection of the suitable hydrodynamic 
coupling 8 with fixed filling ratios FG in the individual operating states, whereby these are 
invariable for the respective operating state, but vary between the individual operating states 
or by controlling the speed of the exhaust gas turbine 5 by controlling the transfer behavior of 
the hydrodynamic coupling 8, in particular, the filling ratio FG. 

According to the first solution approach, a hydrodynamic coupling 8 is selected with 
corresponding characteristic according to Figure 3 a, whereby these curves are invariable and 
are characterized by a constant filling ratio of coupling 8. The hydrodynamic coupling 8 is 
thus designed in such a way that it is suitable, with a filling ratio FG of specific magnitude, to 
reliably support at the hydrodynamic coupling 8 the moment Mj 0 applied to the secondary 
wheel 9, taking into consideration the multiplication of the transfer elements, in particular 
speed/torque conversion devices, which are disposed between the exhaust gas turbine 5 and 
the hydrodynamic coupling 8, here the spur gear set 13. The moment Mio is thus 



11 



proportional to the moment M 5 output by the exhaust gas turbine 5. The hydrodynamic 
coupling 8 is thus designed in such a way that its characteristic curve is characterized by the 
speed ratio between secondary wheel 9 and primary wheel 10, referred to the moment Mi 0 
receivable by the primary wheel 10. Taking into consideration the multiplication of the spur 
gear set 13 or the transfer elements disposed between the primary wheel 10 and the exhaust 
gas turbine 5, this moment thus corresponds to the minimum torque M min5 that can be output 
at the exhaust gas turbine 5, i.e., it is directly proportional to it. 

The hydrodynamic coupling 8 is operated in such a way that over a large part of the range of 
the speed ratio y between secondary wheel 9 and primary wheel 10, a specific moment can be 
supported, which corresponds to the minimum moment M min -5 made available by the exhaust 
gas turbine, taking into consideration the transfer elements. The coupling is operated with 
invariable filling ratio FG. No additional control mechanisms are necessary. The desired 
behavior is achieved on the basis of the properties inherent in the coupling with fixed filling 
ratio alone. 

According to a second solution approach, the transfer capacity of the coupling is adjusted 
correspondingly. Coupling characteristics for setting couplings are shown in Figure 3b. 
Depending on the direction of power flow, these apply to the moment Mjo, M 9 , which can be 
received at primary wheel 10 or secondary wheel 9. Preferably, this procedure is integrated in 
a method for the regulation of the speed n 5 of the exhaust gas turbine 5, as shown in Figure 
2b, whereby, when the third operating state is present, i.e., braking operation with the engine 
brake, which is characterized by a speed n 5 greater than the speed taking into consideration 
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the transfer behavior or the transfer moment at the crankshaft, a set value n set -5 is determined, 
which corresponds to the maximum acceptable speed n max -5 of the exhaust gas turbine 5. 
Taking into consideration the transfer elements, this speed is proportional to the speed ni 0 at 
primary wheel 10 of the hydrodynamic coupling 8. A minimum torque M min -5 to be made 
available results, which is associated with this speed n max -5 in the characteristic for the 
exhaust gas turbine 5. Taking into consideration the transfer elements between exhaust gas 
turbine 5 and primary wheel 10, in particular at spur gear set 13, a receivable moment Mio, 
which must be supported at secondary wheel 9 thus results for the primary wheel 10. In order 
to support this moment, the transfer capacity of coupling 8 is accordingly to be given in 
advance. This is accomplished by adjusting the filling ratio FG. That is, the transfer capactity 
of the hydrodynamic coupling 8, in particular for the power transfer from the primary wheel 
10 to the secondary wheel 9 is also produced here due to the influencing of the mass flow, 
i.e., the filling ratio FG. Thus, different set values can be drawn on for adjusting the filling 
ratio FG. Functioning as these values, for example, in the case of fillable couplings, which 
are characterized by an inlet 17 for working medium in the working chamber and at least one 
outlet 18 from the working chamber are at least a pressure Pi 7J8 at the inlet and/or outlet or a 
pressure difference at these outlets or the volumetric flows Vi 7j ]8 at the inlet and/or outlet 
which are made available in these regions, as well as, when a separate circuit is used for the 
working medium, particularly a closed circuit 19 to the working circuit, a static pressure 
superimposed on the latter, as well as all measures for changing the quantity of filling agent 
and/or influencing the flows, for example variable or stationary scoop tubes. The adjusting of 
the filling ratio FG at the hydrodynamic coupling 8, in particular at working chamber 1 1, is 
thus integrated in the control path of the control of speed n 5 of the exhaust gas turbine. This 
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also applies analogously in the design of the method as an open-loop regulation. In this case, 
the actual speed at the exhaust gas turbine n ac tuai-5 is fed back and the hydrodynamic coupling 
8 is controlled correspondingly, according to the deviance of the regulated open-loop value 
from the set speed n se t-5. Figure 2a illustrates the adjusting of the speed of the exhaust gas 
turbine n ac tuai-5 by a closed-loop control, while Figure 2b reproduces the open-loop regulation, 
i.e. continuous feedback and comparison of speeds. In the methods described in Figures 2a 
and 2b, the named values can thus either be directly determined or they may be values that 
characterize these values, at least indirectly, i.e., values that are functionally related to these 
values can be determined. 

In the second operating state, the speed n 5 at the exhaust gas turbine 5 is kept at the smallest 
possible level according to the invention. However, since the speed at the internal 
combustion engine 3 is variable, it is necessary that a high slip is presented in coupling 8 in 
this case of very low torque M. That is, taking into consideration the multiplication, the 
internal combustion engine 3 rotates relatively more rapidly than the exhaust gas turbine 5. 
This problem is solved according to the first solution approach by the hydrodynamic 
coupling 8 with correspondingly invariable characteristic according to Figure 3a for any 
filling ratio, whereby this characteristic also must satisfy the corresponding requirements 
with respect to the already described third operating state. This means that the hydrodynamic 
coupling 8 is operated with a constant filling ratio FG, which is characterized as a function of 
the slip, or of the speed difference between secondary wheel 9 and primary wheel 10, by a 
minimum moment M m i n -5 of the exhaust gas turbine, which is proportional to the moment to 
be transferred via the hydrodynamic coupling 8. The hydrodynamic coupling 8 used is thus 
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designed for both operating states: operating state 3, i.e., braking with the engine brake, and 
operating state 2, i.e., partial load operation or thrust operation. Thus a hydrodynamic 
coupling 8 is used, whose characteristic diagram is characterized by a minimum transferable 
moment M with a very large working range of hydrodynamic coupling 8. The filling ratio FG 
that characterizes the invariable characteristic and is fixed in advance is selected in such a 
way that, taking into consideration the transfer elements between the hydrodynamic coupling 
8 and the exhaust gas turbine 5, a minimum moment can then be received by the exhaust gas 
turbine from the side of the crankshaft 4. This invariable coupling characteristic is presented 
in Figure 3a for both operating states. Figure 3b* illustrates, in comparison to the 
characteristic of a closed-loop control, an open-loop regulated hydrodynamic coupling 8. 

Figure 4 illustrates yet once more according to the second solution approach the control of 
the transfer capacity as a function of the speed difference y between exhaust gas turbine 5 
and crankshaft 4, in particular on the turbine side and on the crankshaft side of the 
hydrodynamic coupling 8 for the second operating state. According to a first possible 
embodiment, a control of the speed of the exhaust gas turbine n set -5 is also produced here, 
whereby this value is kept as small as possible This speed thus corresponds preferably to a 
lower minimum limiting speed n min _ 5 of the exhaust gas turbine 5. This is determined from 
the characteristic for the exhaust gas turbine, in particular of the torque speed characteristic 
according to Figure lb. Depending on the magnitude of the speed n3 of the driving machine 
or particularly of internal combustion engine 3, or the speed m of crankshaft 4, the speed mo 
proportional to the speed at the exhaust gas turbine 5 is then adjusted in order to adjust the 

* This figure appears to be misnumbered as Fig. 3a in the drawings — Trans, note. 
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speed n 5 at the exhaust gas turbine 5, also taking into consideration the transfer behavior via 
the transfer elements, particularly the spur gear set at the primary wheel 10 of the 
hydrodynamic coupling 8. This is a function of the transferable moment M 8 of a 
hydrodynamic coupling, in particular of the moment M 9 that can be received by the 
secondary wheel 9 in this operating state of the crankshaft and the speed n 9 at the secondary 
wheel 9 5 which in turn is directly proportional to the speed ru of the crankshaft 4 based on the 
coupling via the transfer elements, particularly the spur gear set 12. The moment M 8 that can 
be transferred via the hydrodynamic coupling 8 and thus the moment M 9 that can be received 
by the secondary wheel 9 for the control of the transferable moment M 8 or 
the speed m 0 at the primary wheel 10 is thus a function of the filling ratio FG of the 
hydrodynamic coupling. The filling ratio FG also functions here as a set value in the control, 
in particular in the control path, for adjusting the minimum speed at the exhaust gas turbine 
5. Thus the filling ratio FG can be closed-loop controlled or it may also be open-loop 
regulated. The filling ratio can thus be adjusted as already described by specifying set values 
for the pressures to be adjusted at the inlet and outlet as well as of the volumetric flows Vi 7J8 
introduced via the latter, or the corresponding setting devices for influencing the filling ratio, 
for example, variable or stationary scoop tubes. In addition, overflow pipes with or without 
valve technology connected downstream or any desirable combinations of different known 
principles, which will not be detailed here, are also conceivable, since these are part of the 
knowlede of the competent person skilled in the art. 

According to a particularly advantageous configuration, here the adjusting of the minimum 
acceptable speed n min -5 is carried out in the form of an open-loop regulation, i.e., the current 
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actual speed at the exhaust gas turbine n ac tuai-5 is fed back and compared with the set value. 
The current actual speed of the turbine n ac tuai-5 can be directly determined in this way or a 
value describing this speed at least indirectly can be found, whereby this value can then be 
monitored. In the simplest case, however, a speed recording is made, since this offers the 
fewest problems. The adjusting of the filling ratio is thus a component of the open-loop 
regulation path. 

Figure 5 illustrates once more, in schematically simplified representation based on the basic 
structure of driveline 1, the arrangement of a closed-loop control and/or open-loop regulating 
device 19 for exhaust gas turbine 5, comprising at least one assembly of components that 
take over this function as a control device in the form of a structural unit, or in the form of a 
virtual control device of existing closed-loop control and/or open-loop regulating device 20, 
which is coupled with at least a device for recording at least one value describing the speed 
n 5 and the speed of the exhaust gas turbine 5 as well as a device for recording at least one 
value describing the speed of crankshaft 4, at least indirectly, wherein these devices are 
denoted here by references 21 and 24 and in the simplest case are present in the form of a 
speed sensor. These devices can also generate a corresponding input signal for [closed-loop 
control and]/or open-loop regulating device 20. In addition, the closed-loop control and/or 
open-loop regulating device 19 comprises a setting device 22, which is assigned to the 
hydrodynamic coupling 8 and serves for the change of transfer behavior of the hydrodynamic 
coupling 8. The setting device 22 can therefore be designed in many different configurations. 
Taken individually, the latter depend on the concrete type of influencing of the filling ratio 
FG of the hydrodynamic coupling. The setting device 22 is thus coupled with at least one 
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output 23 of the closed-loop control and/or open-loop regulating device 20. The closed-loop 
control and/or open-loop regulating device 20 may involve a closed-loop control and/or an 
open-loop regulating device of the vehicle that is already present in vehicles without 
anything further, or closed-loop control and/or open-loop regulating devices of other drive 
components, for example a transmission control. 
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List of reference numbers 

1 Drivel ine 

2 Turbocompound system 

3 Driving machine, internal combustion engine 

4 Crankshaft 

5 Exhaust gas turbine 

6 Turbocharger 

7 Exhaust gas line 

8 Hydrodynamic coupling 

9 Secondary wheel 

10 Primary wheel 

1 1 Working chamber 

12 Spur gear 

13 Spur gear set 

14 Compression stage 

1 5 Inlet line 

16 Transfer device 

17 Inlet 

18 Outlet 

19 Closed-loop control and/or open-loop regulating device 

20 Closed-loop control and/or open-loop regulating device 

21 Device for recording at least one value describing the speed of the exhaust gas turbine, at 
least indirectly 
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22 Setting device 

23 Output 

24 Device for recording at least one value describing the speed of the crankshaft 4, at least 
indirectly 
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